Among the most produced cereals worldwide, sorghum (Sorghum bicolor (L.) Moench), presents low productivity in Brazil, mainly due to the occurrence of diseases, with a prominence of sooty stripe, caused by the fungus Ramulispora sorghi, until then considered a secondary disease, has increased its incidence and severity, especially in conditions of high humidity and temperature. The most efficient means of control is the use of resistant cultivars, in this sense, studies on the genetic variability of the fungus through molecular markers are of great importance for the breeding programs of sorghum. The objective of this work was to evaluate the genetic variability in isolates of Ramulispora sorghi belonging to the mycoteca of the Laboratory of Genetic Resources & Biotechnology of the Universidade do Estado de Mato Grosso, campus of Cáceres, via molecular markers of the ISSR type. The results indicate the existence of genetic variability among the isolates of R. sorghi. The Polymorphic Information Content (PIC) showed that the primers were classified as medium informational with an average value of 0.27. 71 polymorphic fragments were formed considering the 40 isolates of R. sorghi, which presented the value of k = 2, represent the differentiation of the isolates into two distinct clusters. The genetic dissimilarity measures were estimated by the Coefficient of Nei and Li, where the combination between the isolates B107/16 (15) and B103/15 (16) obtained the smallest magnitude (0,12) and the combinations between isolates B111/16 (2) and S114/15 (33), S316/15 (3) and S114/15 (33), B115/16 (4) and S114/15 (33), B118/16 (6) and S114/15 (33) were more dissimilar (1,00). The "UPGMA" method provided a breakdown of the 40 isolates into 4 distinct groups. The Cophenetic Correlaction Coefficient (CCC) presented significant value with r = 0,84. The Tocher's optimization method allowed the 40 isolates to be distributed in 10 different groups. These results provide relevant information on the genetic variability among the 40 isolates of R. sorghi analyzed. In addition, they indicate that fungus have a wide genetic diversity, and have been recurring in different regions of Brazil and the world, and thus, larger studies become essential for more effective control measures.
Introduction
The sorghum (Sorghum bicolor (L.) Moench) occupies a prominent position as to its importance among the most consumed/produced cereals in the world, together with wheat, maize, rice and barley (FAO, 2019; Nida et al., 2019) . In Brazil, its production has gained prominence in recent years, being cultivated different types of sorghum (grain, forage, broom, saccharine and biomass), which are mainly destined for animal feed and biodiesel production (Neumann et al., 2004; Almorade & Hady, 2009; Teixeira et al., 2014) . However, Brazilian productivity is still considered low, mainly due to occurrences of diseases, among them the sooty stripe of sorghum, caused by the fungus Ramulispora sorghi (Ellis & Everh.) Olive and Lefebvre (1946) (Ribas et al., 2008; Cota et al., 2013; CONAB, 2019) .
The sooty stripe is a disease whose etiological agent is the fungus Ramulispora sorghi that causes necrotic foliar lesions, promoting the reduction of the photosynthetic area and, consequently, reducing the productive capacity of the plant (Williams et al., 1978; Bandyopadhyay, 2000; Ferreira et al., 2007; Brady et al., 2011; Little et al., 2018) .
The emergence and development of R. sorghi is favored by conditions of high temperature and humidity, the fungus survives in the soil, or in cultural remains in the form of microsclerodes and, when there are favorable conditions, they produce conidia, which can be dispersed through rains and winds, causing significant losses in sorghum crops (Brady et al., 2011; Cúdom et al., 2016) .
The first report of the disease was in 1903, in the United States and, like the planting of culture, the disease has been present in different regions of the world (Thomas et al., 1993) . In the Brazilian scenario, the occurrence of the sooty stripe of sorghum has increased mainly in succession crops to summer crops and where high temperature and humidity conditions are present during the crop cycle (Ferreira et al., 2007) . Thus, susceptible cultivars may present low productivity due to the appearance of the fungus R. sorghi (Little et al., 2018) .
In 2016 there was the first report of the ramulispora spot in the city of Cáceres, state of Mato Grosso, Brazil, in the harvest of 2013/2014, by Silva (2016) , where parts of leaf lesions were isolated from 25 grain sorghum genotypes and 16 saccharin sorghum genotypes and, according to the Kock Postulate, the occurrence of the disease was confirmed (Silva, 2016) .
Among the methods of disease control, crop rotation and fungicide treatment stand out, but the most efficient and safe means is the use of genetically resistant cultivars, in this sense, studies on the genetic variability of phytopathogens have been developed with molecular markers of the ISSR type with different races of fungi (Talamini et al., 2006) . In this way, the use of molecular markers has been one of the alternatives to obtain more information about the fungus and can indicate resistant cultivars for the control of the disease, mainly, through breeding programs that aim at the genetic resistance of plants (Silva, 2009 ).
The quantification of the genetic variability of the pathogenic fungi helps to plan the strategies of selection of resistant plants more effectively (Oliveira, 2015) . Therefore, the objective of this work was to evaluate the genetic variability in isolates of R. sorghi belonging to the library of the Laboratory of Genetic Resources and Biotechnology (LRG&B) of Universidade do Estado de Mato Grosso (UNEMAT), university campus of Cáceres, via molecular markers of the ISSR type.
Material and Methods
The library of R. sorghi located in the Laboratory of Genetic Resources and Biotechnology of Universidade do Estado de Mato Grosso (UNEMAT), university campus of Cáceres, Brazil, is composed of 40 isolates, 39 of which were collected from genotypes of saccharin sorghum (S) and 1 of biomass sorghum (B) that presented symptoms of the disease in the plantations of the years 2015 to 2017. The seeds for the plantations were provided through a partnership with Embrapa Agrossilvipastoril, located in the city of Sinop, state of Mato Grosso. These experiments were conducted in randomized blocks with three replicates, whose plot was composed of four rows of 5.0 m in length, spaced at 0.70 m between rows, with only the two central rows considered as a useful plot. Once the disease was identified in the sorghum genotype, the material was sent to the Laboratory of Genetic Resources and Biotechnology for isolation and storage. The another isolate was obtained from the National Center for Research on Maize and Sorghum (CNPSo) of the Brazilian Agricultural Research Corporation (Embrapa).
The isolates that compose the library were: S326/15 (1), B111/16 (2), S316/15 (3), B115/16 (4), B311/16 (5), B118/16 (6), B319/16 (7), B131/16 (8) B209/17 (40) , where the letter identifies the type of sorghum and is followed by the numbering corresponds to the number of the genotype and the year of collection and the numbering in parentheses corresponds to the number of the isolate in the analyzes of the results.
For analysis of the genetic variability, the isolates were removed from the storage medium of the library and transferred to Petri dishes containing oatmeal and agar medium, in the ratio of 30g of oatmeal to 20 g of agar, submitted to controlled temperature conditions (27±2 ºC) for 7 days to obtain the mycelial mass (Gooding & Lucas, 1959) .
The preparation of the genomic material of the fungi of R. sorghi was carried out by means of maceration of the mycelial mass of the fungi in a mortar with the addition of Polyvinylpyrrolidone (PVP) in the presence of liquid nitrogen until a fine powder was obtained. Extraction of genomic DNA followed the recommendations of the Wizard® Genomic DNA Purification Kit (Promega, Madison, WI).
The obtained genomic material was submitted to amplifications, through PCR reactions (Polymerase Chain Reaction) using nine primers: AP1; AP3; AP4; CAC, UBC 881; UBC 817; UBC 850; UBC 880 and (GTG) 6 , for the 40 isolates. PCR amplification reactions were prepared to a final volume of 20 μL containing: 2 μl 10x buffer, 1 μl MgCl 2 (2.5 mM), 4 μl dNTP (2 mM), 3.0 μl primer (2 mM), 1 μL formamide, 0.2 μL Taq DNA polymerase and q.s.p. MilliQ water, in a thermocycler, where the reactions were subjected to the initial denaturation conditions at 94 ºC for 3 minutes, 35 cycles of amplification, each presented at 94 ºC to 30 seconds, specific TMs of the primers, at 30 seconds, 72 ºC, at 30 seconds and final extension at 72 ºC for 5 minutes. PCR products were stained with GelRed + Blue Juice mix in a ratio of 5:1 and then electrophoresed at 80 V for approximately 1 hour and 30 minutes on agarose gel (1.5%). The marker used to define the pattern of the amplified fragments was the 100 bp DNA Ladder, with posterior visualization in photodocumentator.
DNA fragments generated by ISSR markers on agarose gels were detected as presence (1) or absence (0) of bands by means of the software Gel Quant Express, allowing the transformation of the bands formed in the agarose gel in values of quantity of base pairs (AMPL Software, 2015) . These presence or absence information were used to quantify the genetic diversity of the loco or PIC (polymorphic content index) where the information contained in locus p i is given by the frequency of the allele p in loco p i , calculated by equation: PIC = 1 -Σ i p i 2 and the information acquired by the primer p ij is given by the frequency of the allele p of loco i, in the primer j, calculated by equation: PIC primer = 1 -Σ i ·Σ j p ij 2 (Rezende et al., 2009; Silva et al., 2016) .
From this information, we obtained the analysis of the population structure of the isolates of R. sorghi that was carried out using the program Structure (Pritchard et al., 2000) , which has the purpose of estimating the proportion of alleles that came from each of the groups where the variable K is equivalent to the number of genetically distinct and predefined populations (Evanno et al., 2005) .
Based on the presence and absence data, a matrix based on the Nei and Li coefficient was generated, obtaining the dissimilarity of the evaluated isolates. This matrix was used to generate the dendrogram by the "Unweighted Pair Group Method using Arithmetic averages" (UPGMA), obtained through the R software and in the clustering by the Tocher's Optimization method obtained by the Genes software (Cruz, 2006) .
Results
The results obtained through the genetic analysis of the isolates of R. sorghi showed the existence of genetic variability in the collected isolates. The values obtained by the analysis of the Polimorphic Information Content (PIC) showed that the primers used in the study revealed the existence of genetic variability among the isolates, classified as medium information with an average value of 0.27. The values obtained ranged from 0.21 for the primer AP4 to 0.33 for the primers (GTG) 6 and AP1 (Table 1) . Thus, the molecular markers used for this study are in the range of results that contribute to the understanding of the genetic variability of the 40 isolates of R. sorghi from this research. Vol. 11, No. 10; 2019 Another method analyzed was the Unweighted Pair Group Method with Arithmetic Mean (UPGMA), which, with a significant cut of just over 60%, which resulted in a division of the 40 isolates into 4 distinct groups, where group I allocated eight isolates , being them: B101/16 (10), B225/17 (39), B112/17 (35), B206/17 (38), B209/17 (40), B201/17 (36), B104/17 (34) and B115/17 (37). The second and third groups were composed of only one isolate each S316/15 (3) and B108/16 (9), respectively ( Figure 3 Table 4 shows dissimilarity intragroups and intergroups, where the greatest intragroup distance was verified between groups IV and V (0.45), while the shortest distance was observed in group I (0.34). The greatest inter-group distances were between groups IX and VIII (0.84), both groups are formed by only one isolate, but, from plantations in different years. The lowest distances were recorded between groups VII and II (0.47) ( Table  4 ). The first and second group allocated isolates from the years collected from 2015 and 2016, and in the second group there is the presence of the isolate from Embrapa. 
Discussion
Researching the genetic variability in R. sorghi, a fungus that causes the ramulispora spot in the sorghum crop, is still scarce, due to its being considered a disease of secondary importance (Brady et al., 2011; Little et al., 2018) , however, the increase in incidence and severity of crops has aroused sorghum producers to better control, so the results obtained in this research have brought relevant information to the studies of this pathogen in sorghum genotypes and may help the breeding programs that aim to the development of cultivars genetically resistant to the fungus R. sorghi.
The studies that have the data measured in PIC indicate the number of alleles detected considering their distribution and frequency in the population, thus, the PIC is related to the number of alleles that is directly associated with the genetic divergence and the number of genotypes under study (Anderson et al., 1993) . In this sense, the results obtained through the genetic analysis of the isolates of R. sorghi indicated the existence of genetic variability in the collected isolates, in the city of Cáceres, state of Mato Grosso.
The molecular markers used in this study revealed the existence of genetic variability of the isolates, classified as medium information with an average value of 0.27. Values ranged from 0.21 for primer AP4 to 0.33 for primers (GTG) 6 and AP1 (Table 1) . According to Botstein et al. (1980) and Roldán-Ruiz et al. (2000) , the PIC value of each marker represents the probability that the molecular marker is present or absent in two random individuals of the population . Thus, the PIC proves the existence of genetic variability, that is, the closer to 0.5 the PIC value, the greater the ability of the primer to differentiate individuals from a group, therefore, values lower than 0.25 are considered to be less informative, values from 0.26 to 0.49 are medium informative and values above 0.50 are considered highly informative.
Thus, the markers used for this study are in the range of results that contribute to the study of variability for this fungus. Xiang et al. (2016) studying 88 Lentinula edode isolates from four geographical regions of China found values ranging from 0.43 to 0.8 for PIC, showing great genetic variability among isolates, in this case, for different regions. In our study, there is genetic variability, according to the PIC values, even if they are isolated in the same region, Cáceres, demonstrated the great evolutionary capacity of the fungus R. sorghi. One of the ways in which fungi differ genetically is through their evolutionary process, that is, the generation of genetic variability in living beings is mainly due to its evolutionary process, adapting to different environments and hosts to survive (Taylor et al., 2000) . These data show that there is a genetic dissimilarity among the studied isolates, although the collections were made in different years of cultivation and there is still an isolate coming from another place, these details allow to inquire if the isolates were transmitted initially through the seeds, because one of the most effective ways of disseminating this pathogen is through infected seeds and remaining mycelia from one crop to another (Brady et al., 2011; Little et al., 2018) .
Considering the results obtained in this work, and comparing with the study developed by Li et al. (2016) in Colletotrichum fructicola isolates by means of the ISSR-type markers, it can be inferred that for these analyzes there were equal numbers of ΔK groups formed, K = 2, but the total number of loci differed, 98 for the work developed by Li et al. (2016) and 71 in R. sorghi, this factor shows that although the number of loci obtained in R. sorghi was lower, the proportion of polymorphism obtained was not as discrepant considering the existence of 167 isolates of C. fructicola that were distributed in 15 geographic populations and a small cluster containing seven isolates from four plantations in four provinces. In this context, the R. sorghi fungus even with a lower population and only one collection region showed similar genetic variability with the work of Li et al. (2016) , indicating that it is a pathogen with wide diversity, that is, great pathogenic variability.
The results obtained by Reis (2012) with isolates of Sporisorium scitamineum from different sugarcane regions found three clusters with the presence of 4 introgressors from the 14 isolates studied, corresponding to approximately 28% of the total. In this way, the values obtained by ΔK shows the optimal amount of groups to be formed considering the genetic variability obtained with the analyzed data.
The genetic dissimilarity measures of the 40 isolates of R. sorghi, collected from Cáceres, were estimated from the Coefficient of Nei and Li (Table 2) , where the combination between the isolates B107/16 (15) and B103/15 (16) presented the lowest magnitude of dissimilarity (0.12) and the combinations between isolates B111/16 (2) and S114/15 (33), S316/15 (3) and S114/15 (33), B115/16 (4) and S114/15 (33), B118/16 (6) and S114/15 (33) were more dissimilar (1.00). In the case of dissimilarity of isolates, Medeiros (2015) , when studying the genetic diversity of 11 isolates of Thielaviopsis paradoxa in sugarcane stem from five Brazilian states, obtained the lowest magnitude of dissimilarity at 0.5 and the highest magnitude of dissimilarity at 0.86. Considering these values, it can be inferred that the isolates of R. sorghi presented greater amplitude of dissimilarity (0.12 and 1.00) for the 40 isolates studied, indicating a wide genetic variability among the isolates, even though collected in the same region.
This fact can be explained by the fungus R. sorghi produce structures called sclerotia, which produce large numbers of spores that survive from one crop to another and can remain viable for more than 2 years in the crops, thus, these fungi present great evolutionary capacity (Brady et al., 2011) . Studies by Kumata et al. (2009) indicated the presence of the casual agent of sooty stripe in crops in Nigeria, where it was highlighted as the sorghum disease with the highest incidence in the area. The disease has also been reported in studies carried out in Asia and the Americas, demonstrating its evolutionary capacity and increasing its incidence in sorghum crops around the world (Thomas et al., 1993; Brady et al., 2011; Goylit, 2016) .
In the case of the UPGMA method, with results obtained by Silva (2009) , from 147 isolates of Colletotrichum sublineolum in sorghum hybrids and considering the use of molecular markers of type ISSR, the number of groups formed was similar, six groups in the work with C. sublineolum while we obtained five in the study with R. sorghi. This information indicates that the isolates of R. sorghi, even though in a smaller number (40), were better distributed among the groups, showing that they were more genetically diverse.
This distance indicates the groups that are more dissimilar genetically and also, more similar. Comparing this distance the formation of the groups, it can be inferred that the groups IV and V, with a distance of 0.45 are formed by sampling years 2017 and 2015 and the group having more similarity, IX and VIII (0.84), consists of planting isolates 2015 and 2016. The data intragroup and intergroup dissimilarity for genetic analysis in plant pathogens using the Tocher's optimization method, tells us that the evaluation of the genetic variability of the material under study, and these data are derived from a matrix of dissimilarity, where the evaluation follows by means of criteria in which the average distance must be smaller than the average intergroup distance (Cruz, 2011) . Thus, for plant breeding one of the main objectives is the specific choice of the parents, who must have the sources of resistance to the disease in question, that is, genotypes resistant to the greatest number of pathogens and/or races of the fungus (Reddy et al., 2006) .
Despite being considered a secondary disease for sorghum cultivation, the sooty stripe has gained prominence among producers around the world, affecting different types of sorghum and occurring at all stages of the plant, causing damage that can cause up to plant death (Brady et al., 2011; Goylit, 2016; Little et al., 2018) . In this scenario, many studies have been developed to evaluate the genetic variability of the fungus, aiming to identify sources of resistance and to guarantee greater yields in the crops (Kumata et al., 2009; Ramos et al., 2012; Cúdom et al., 2016; Goylit, 2016) , but information about the pathogen is still scarce and more studies around the world are needed to ensure that sorghum breeding programs, disease information and more effective control measures.
Conclusion
The results indicated the existence of genetic variability among the isolates of Ramulispora sorghi collected in the city of Cáceres, MT, for the analysis methods used in this study.
The fungus Ramulispora sorghi, a causal agent of the sooty stripe in sorghum, has been recurring in different regions of Brazil and the world, and thus, larger studies with this pathogen become essential for more effective control measures.
